Introduction: The safety of antidepressants following overdose is critical because of the high risk of suicide attempts in depressed patients. This study was conducted to decrease the fatality rate of antidepressant overdoses by providing data to shift prescribing toward safer antidepressants.
INTRODUCTION
It has been estimated that a quarter of patients diagnosed with major depression attempt suicide in a lifetime, and 15% of those patients ultimately die from suicide [1] . Antidepressants have been shown to be highly effective treatments for depression; paradoxically, to achieve compliance, the prescriber must supply a toxic drug, giving the patient ready access to a suicidal method. Complicating the paradox are recently mandated blackbox warnings on all antidepressants warning of an increased risk of suicidal symptoms in children, adolescents and young adults treated with these medications, while simultaneously acknowledging that failing to treat the underlying disease also carries a risk of suicidal behavior [2] . Given the high risk of suicide in depressed patients, the overdose safety of antidepressants is of great significance from both clinical and public health perspectives.
The impulsivity that often characterizes suicides provides the rationale for means restriction-the concept that restricting access to lethal methods during this transient period of ambivalence may Suicidal Antidepressant Overdoses: A Comparative Analysis by Antidepressant Type reduce suicide rates [3] . Many studies suggest that methods of means restriction-including gun-control legislation, pesticide restrictions, domestic gas detoxification (switching to natural gas), barbiturate restrictions, analgesic packaging changes, catalytic converters, and barriers to jumping-simply drove suicidal individuals to other methods, thereby maintaining the overall suicide rate [4, 5, 6, 7, 8] . Still, several isolated studies found no indication of means substitution, one following gun-control legislation in Canada [9] and the other following the introduction of catalytic converters in England [10] . Interviews with survivors of suicidal falls from the Golden Gate Bridge suggest that some subjects may have only one preferred method of suicide; in such cases, method restriction could prevent suicide [5] . While suicidal patients may eventually seek alternative methods of suicide, reduced prescribing of the more toxic antidepressants would decrease their availability and reduce suicides from antidepressant overdose.
Since the introduction of psychoactive substances in the 1950s, overdoses appear to parallel sales for each drug [11] . Such opportunistic overdoses call for shifting prescribing patterns toward less toxic drugs that are equally efficacious. This may not reduce the number of overdoses, but could be expected to reduce fatality rates.
This study used poison control data to investigate relative antidepressant overdose severity. US poison center data are compiled in the Toxic Exposure Surveillance System (TESS) by the American Association of Poison Control Centers (AAPCC) [12] . TESS was renamed the National Poison Data System (NPDS) in 2007. The name TESS is used throughout here, however, reflecting the database name when this study was conducted. Of all exposures reported to TESS, 8.0% are coded "suspected suicidal," or "resulting from the inappropriate use of a substance for reasons that are suspected to be self-destructive or manipulative." Suicidal cases are among the most serious cases reported to poison centers, accounting for 54.0% of the poisoning fatalities reported in 2004, but comprising only 8.0% of all human poison exposures reported to TESS.
This study was conducted to decrease the fatality rate of antidepressant overdoses by providing practitioners with updated data quantifying safety differences between all the antidepressants currently marketed in the US. Awareness of these safety comparisons and overdose profiles could effectively shift prescribing practices toward safer antidepressants.
METHODS
TESS data for human, single-substance, antidepressant ingestions were analyzed for the 5-year period, 2000 through 2004 [Appendix A]. Duplicate cases reported to more than one poison center and confirmed nonexposures were excluded (where coded as such in TESS).
All cases categorized as suicidal ingestions of an antidepressant categorized in one of the following AAPCC generic codes were reviewed: amitriptyline, amoxapine, desipramine, doxepin, imipramine, maprotiline, nortriptyline, protriptyline, other cyclic antidepressant, unknown cyclic antidepressant, lithium, monoamine oxidase (MAO) inhibitor, selective serotonin reuptake inhibitor (SSRI), trazodone, other antidepressant, and unknown antidepressant. Cases with antidepressants formulated with a benzodiazepine, phenothiazine, or other antipsychotic were excluded, as were cases involving antidepressants formulated for topical use.
The 988 specific pharmaceutical products implicated in cases categorized as exposures to the AAPCC antidepressant generic codes listed above were reviewed for categorization accuracy. All specific products were recategorized using the more specific categorization schema outlined in Table 1 .
A number of TESS fields enable characterization of the severity of a poison exposure, including medical outcome, management site and level of care, specific clinical effects observed, and treatments provided [13] . Ten options are provided for coding medical outcome, including 5 definitive outcomes in which adequate follow-up is obtained to accurately categorize the outcome [12] :
Definitive outcomes
No effect: No signs or symptoms resulted from the exposure.
Minor effect: Minimally bothersome signs and symptoms resulted from the exposure, but these resolved rapidly without residual disability or disfigurement.
Moderate effect: More pronounced, prolonged or systemic signs and symptoms developed compared to patients with a minor effect. These patients usually require treatment, but the effects are not life-threatening and there is no residual disability.
Major effect: Life-threatening signs or symptoms developed as a result of the exposure, or the patient manifested significant residual disability or disfigurement.
Death: A fatality occurred as a direct result of the poison exposure or as a complication of the exposure.
Other outcomes are defined elsewhere, including: not followed, nontoxic exposure; not followed, minimal clinical effects possible; unable to follow, potentially toxic exposure; unrelated effect; and confirmed nonexposure.
To quantify the difference in medical outcome by antidepressant types, a hazard index was calculated as the number of cases with a major or fatal outcome per 1000 single-agent ingestions of that antidepressant type.
TESS data also include documentation of the occurrence of 131 different clinical effects grouped in 9 categories. Each clinical effect is coded as "related," "unrelated," or "unknown if related." The distribution of clinical effects associated with each antidepressant type was characterized, focusing on those effects documented as "related" or "unknown if related." For cases managed in a healthcare facility, the level of care provided is further qualified in TESS data as: treated and released, admitted to critical care, admitted to noncritical care, admitted to a psychiatric facility, refused referral, or lost to follow-up. The percentage of patients requiring critical care was compared across the antidepressant types.
Data were compiled in an SQL database and analyzed using the TESS software. Graphs and tables were prepared in Excel. Chi squares, the significance of correlation coefficients, and T-tests were determined using SISA Binomial [14] . single-agent antidepressant ingestions. Of the single-agent antidepressant ingestions, 82,802 were coded with a specific, identifiable antidepressant approved for use in the US, formulated alone (without a benzodiazepine, phenothiazine or other antipsychotic), and formulated as an oral medication rather than as a topical cream. These latter 82,802 cases are the basis for this study. The most commonly implicated antidepressants were trazodone (15.1%), sertraline (14.5%), paroxetine (11.2%), amitriptyline (10.0%), bupropion (9.2%), fluoxetine (8.5%), venlafaxine (6.7%), and citalopram (6.3%). Together these 8 antidepressants accounted for 81.5% of the cases.
RESULTS

From
The age distribution of the single-agent suicidal antidepressant ingestions ( Figure 1 ) showed a peak in the teen years (28.9% of cases) and a predominance of women (69.5% of suicidal antidepressant ingestions). In contrast, the frequency of fatal cases peaked in the 40-to 49-year-old age group ( Figure 2) . Again, there were more female cases, accounting for 56.5% of fatal suicidal antidepressant ingestions. While females were more frequently implicated than males in both the fatal and nonfatal cases, the gender ratios were significantly different in nonfatal and fatal suicidal ingestions (chi square, p Ͻ 0.001), with less of a gender difference observed in fatal cases. The age distribution by antidepressant type (Figure 3) , showed suicidal ingestions of the SSRIs, serotonin and norepinephrine reuptake inhibitors (SNRIs), and other antidepressants peaking in the teens, lithium in the twenties, the tricyclics and tetracyclics in the thirties, and MAO inhibitors in the forties.
Hazard Index
A large variation was seen in the severity of suicidal overdoses involving the different antidepressant types ( Table 1) . Of the 82,802 suicidal ingestions, there were 138 fatalities and 3,173 lifethreatening (major) outcomes; thus there were 40 major or fatal outcomes per 1000 study cases. Weighting each antidepressant type equally, the mean hazard index (rate of life-threatening or lethal outcomes per 1000 single-agent suicidal ingestions) for the 25 antidepressants analyzed was 79, with a range of 0 to 292. Amoxapine (292), maprotiline (211), and desipramine (187) had the highest hazard indices. All of the tricyclic antidepressants, MAO inhibitors, maprotiline, and bupropion were in the more severe half of antidepressants ranked by hazard index, with hazard indices Ͼ55. In contrast, all of the SSRIs, the combined serotonin and norepinephrine reuptake inhibitors, lithium, nefazodone, trazodone, and mirtazapine were ranked in the less severe half of antidepressant categories. All SSRIs had hazard indices Ͻ28, whereas all tricyclic antidepressants had hazard indices Ͼ55. The mean hazard index for TCAs was significantly higher than for SSRIs (T-test, p ϭ 0.0016).
An inverse correlation was found between the hazard index and the exposure frequency (R ϭ Ϫ0.423, p ϭ 0.035). Thus in general, the more hazardous antidepressants were implicated in suicidal overdoses less frequently ( Figure 4) . Two notable outliers were observed, amitriptyline and bupropion, both with relatively high hazard indices and high overdose frequency. Table 1 and Figure 4 also demonstrate that the tricyclic antidepressants (and bupropion) Critical care treatment is another indicator of overdose severity. A greater percentage of the tricyclic antidepressant, MAO inhibitor, and maprotiline cases required critical care compared to the SSRI, SNRI, and other antidepressant cases ( Table 1) . A significant correlation was observed between the hazard index and use of critical care for the 25 antidepressant types (R ϭ 0.797, p Ͻ 0.001).
CLINICAL EFFECTS
A total of 85,734 clinical effects coded as "related" or "unknown if related" to the ingestion were observed in the 82,802 cases; some cases had no clinical effects and others had one or more clinical effects. The percent of patients who ingested each antidepressant type and experienced a given clinical effect is shown in Table 2 . (For simplicity, only those effects that occurred with a frequency of at least 1.0%, in overdose with at least 1 antidepressant type are listed.) To provide a visual profile rather than a statistical analysis of differences in clinical manifestations, shading is used to highlight cases with a relatively frequent occurrence of a given clinical effect. Dark gray shading shows the clinical effect frequency for the antidepressant type was one of the highest, or between 67% and 100% of the highest value observed for that clinical effect in any antidepressant type, 33-66% for light gray shading, and no shading for the lowest frequencies.
Cardiac effects were seen most commonly in tricyclics, maprotiline, MAO inhibitors, and bupropion. Gastrointestinal manifestations were remarkably absent with TCAs compared to the SSRIs, SNRIs, and other antidepressants. Coma, confusion, lethargy, seizures, and agitation were prominent with TCA overdose. Even compared with the other tricyclics, amoxapine was distinguished by high rates of cardiovascular effects, multiple seizures and status epilepticus, renal failure, hyperventilation, respiratory depression or arrest, acidosis, and fever or hypothermia. Desipramine showed a similarly toxic profile with regard to seizures, conduction disturbance, and hypotension.
MAO inhibitor overdoses were associated with high frequencies of serious clinical effects in all symptom categories and notably high rates of hypertension and hypotension as well as hyperthermia. The two tetracyclics studied appear to differ in clinical effect profile. Maprotiline had substantially higher frequencies of nearly all clinical effects compared to mirtazapine. This supports the finding that maprotiline has a 17-fold higher hazard index than mirtazapine ( Bupropion showed the highest rate of single seizures and a high rate of hallucinations, with an otherwise relatively mild side-effect profile compared to the other antidepressants. Except for drowsiness, trazodone had a remarkably benign side-effect profile. Both SNRIs, venlafaxine and duloxetine, showed benign side-effect profiles predominantly limited to nausea, vomiting, and drowsiness.
SSRIs showed lower frequencies of cardiac, neurological, ocular, renal, and respiratory symptoms. Though relatively low in frequency compared with other antidepressants, gastrointestinal and neurological symptoms were the predominant clinical effects seen with SSRI overdose. These neurological effects were relatively benign, mostly limited to dizziness, drowsiness, and agitation. Of note, citalopram showed a single-seizure rate comparable to that of the tricyclics.
DISCUSSION
The age distribution of single-agent suicidal ingestions of antidepressants reported to TESS from 2000 to 2004 showed a peak in the teen years and a predominance of women ( Figure 1) . These data are consistent with the US rates of self-harm poisonings in 2003-not limited to antidepressants-as reported in WISQARS (Web-based Injury Statistics Query and Reporting System), in which the peak self-harm rate was observed in 15-to 19-year-olds [15] . WISQARS also reports a peak suicidal poisoning death rate in the 45-to 49-year-old age group in 2003 in the US, mirroring the peak in 40-to 49-year-olds observed in TESS for fatal antidepressant suicides (Figure 2) .
This study demonstrated a shift in the peak age by antidepressant type, with SSRIs, SNRIs, and the group of other antidepressants peaking in teens, lithium in the twenties, tricyclics and tetracyclics in the thirties, and MAO inhibitors in the forties (Figure 3) . Interestingly, suicidal overdoses of the newer antidepressant types had younger peak ages compared to antidepressants that had been marketed for decades (tricyclics, MAO inhibitors). This may have been a contributing factor in the rightward shift of the age distribution for fatal suicidal antidepressant ingestions compared to nonfatal cases (Figures 1 and 2) , as there may be greater prescribing of more toxic and older antidepressants in older age groups.
A number of investigators have used hazard analyses to assess product safety using TESS data. Some investigations have included moderate effects in the numerator [16, 17] while others have limited the rate to major effects and deaths divided by total exposure count [18, 19, 20] . Sometimes the rate is normalized or converted to a rate ratio, taking the ratio of the rate for a specific product or class to the rate for all substances [17, 18, 20] . Normalization provides rapid assessment of outliers, as products with higher-thanaverage severity have hazard factors greater than 1.0. However, normalization was not used in this investigation as temporal shifts to more-or less-toxic antidepressant prescribing could affect the relative outcome, undermining comparisons of past and future data. In this analysis, the hazard index was defined to focus on the outcomes of greatest interest by including life-threatening and lethal cases in the numerator and all single-agent suicidal exposures to the antidepressant type in the denominator.
Whatever the methodology employed, prior hazard or toxicity comparisons have guided regulatory decisions or advocacy of product reformulation, repackaging, relabeling or recall [17, 18, 21, 22] . This study used a hazard index and an analysis of associated clinical effects to update and extend the multiple previous comparisons of the relative toxicity of antidepressants in overdose with a large patient sample (82,802 cases) and large number of antidepressant types (25) . By focusing on antidepressants approved and marketed in the US and by quantifying the relative rates of life-threatening or lethal outcomes, the results allow clinicians to make more-informed prescribing decisions, potentially decreasing the severity and cost of antidepressant overdoses.
This analysis of clinical effects associated with the various antidepressant types quantified the differences in clinical presentations and showed some unexpected as well as other well-recognized clinical profiles. Cardiovascular effects were common in suicidal TCA overdoses reported to TESS, including a high frequency of tachycardia, conduction disturbances, dysrhythmias, and hypotension. Neurological effects-coma, lethargy, and seizures-were also prominent. Maprotiline had a substantially higher frequency of nearly all clinical effects as compared to the other tetracyclic antidepressant mirtazapine, supporting maprotiline's 17-fold higher hazard index compared with mirtazapine.
Amoxapine and maprotiline had the highest hazard indices in this analysis, although they were implicated in very small numbers of cases (24 and 19, respectively), perhaps reflecting an adaptation to drug toxicity in overdose by prescribing physicians. A 1995 study from the UK corroborates the high fatality rate of amoxapine, reporting 157.18 deaths per million prescriptions of amoxapine, the highest rate, by 2-fold, of 25 antidepressants reviewed [23] . Our analysis of poison control data showed high rates of cardiovascular events, coma, status epilepticus, renal failure, respiratory depression, and acidosis with amoxapine.
In this analysis of the 2000-2004 TESS data, desipramine had the third highest hazard index but had a relatively low number of cases (187). Similarly, it had the second highest fatal toxicity index (deaths per million prescriptions) in a British analysis [23] . Desipramine also had the highest reported mortality index of 8 antidepressants studied by Rose using TESS data from 1989 to 1997, although notably, amoxapine and maprotiline were not included in that analysis [24] . Rose defined mortality index as the average death rate per year for patients presenting to a health-care facility with an overdose of the specific drug. Similarly, in an analysis of 1989 and 1990 TESS data combined with National Prescription Audit and Drug Abuse Warning Network data sets, of 5 antidepressants compared, desipramine had the highest relative risk of death in overdose-twice that of nortriptyline [25] . Compared to other TCAs, our study shows desipramine had a high rate of seizures, conduction disturbances, and hypotension.
In our analysis of TESS data, MAO inhibitors showed high frequencies of serious clinical effects in all clinical-effect categories. Lithium overdoses showed high rates of gastrointestinal effects, especially nausea and vomiting, as well as lethargy and tremor, despite a relatively low hazard index of 33, echoing findings from older (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) poison center data [24] .
Previous analyses of TESS antidepressant data were limited to 5 or 8 antidepressant types [24, 25] . Specific analyses of the newer antidepressant agents were impaired by the TESS generic coding system, which does not differentiate most of the individual SSRIs, SNRIs, or other newer antidepressants. Manual recategorization of nearly 1000 specific pharmaceutical products was required for this analysis. By recategorizing the suicidal antidepressant ingestions into 25 types, we were able to assess the two SNRIs, duloxetine and venlafaxine. Both had low hazard indices and relatively lower incidence of cardiovascular, neurological, and respiratory effects compared with the TCAs, tetracyclics, and MAO inhibitors. Since duloxetine was introduced just before the end of the study period, there were only a small number of cases reported (36); nonetheless, its hazard index was 0, indicating no major or fatal outcomes. Although less symptomatic than most other antidepressant types, when clinical effects were present, duloxetine overdoses manifested hypertension, tachycardia, nausea, vomiting, confusion, and drowsiness.
Recategorization also enabled a comparative assessment of bupropion, trazodone, and nefazodone (comprising a group labeled "other" antidepressants). Bupropion showed the highest single-seizure rate of all antidepressants reviewed, and also high rates of hallucinations compared to other antidepressants. TESS data revealed a moderately high hazard index for bupropion, in the middle of the TCA range; however, this finding could not be compared with other studies since the bupropion fatality risk or hazard factor was not assessed by prior authors.
In TESS, the clinical effects for trazodone and nefazadone showed gastrointestinal effects and dizziness with frequency comparable to that of the SSRIs, but drowsiness at a frequency intermediate between the SSRIs and TCAs. Otherwise, the clinical-effect profiles for these 2 drugs were minimal, both having very low hazard indices in TESS. Trazodone also had a low index in 2 other fatality risk assessments, neither of which included nefazodone [23, 24] .
Recategorization also allowed an analysis of each of 6 SSRIs. All had low hazard indices along with a relatively benign clinicaleffects profile. In general, the clinical-effect profile for the SSRIs was strikingly benign, with drowsiness as the primary manifestation. Gastrointestinal effects were the only symptoms that occurred more often in SSRI than TCA overdose. Of note, citalopram was the only SSRI with a high rate of single seizures in overdose, a finding that deserves additional investigation, as it has not been reported by others. Henry's prior investigation showed very low fatality indices for 4 SSRIs [23]. Likewise, Kapur cited Drug Abuse Warning Network data showing an 8-fold lower relative risk of death in overdose for fluoxetine compared to desipramine [25] .
Studies from several countries suggest that fatality rates from suicidal overdoses vary considerably among available antidepressants. The older TCAs appear consistently more lethal in overdose than their newer counterparts. In particular, desipramine was associated with a roughly 2-fold higher rate of deaths per overdose than other tricyclics [25] , more than 16-fold greater than trazodone, and 8-fold greater than fluoxetine. Amitriptyline and dothiepin, the latter never approved for use in the US, were more likely to be associated with death in overdose than other widely used antidepressants in the UK [11, 26] . One study conducted in the UK from 1987 to 1992, found 30.1 deaths per million prescriptions for all antidepressants [23], with 34.14 deaths per million prescriptions for TCAs, 13.48 for MAO inhibitors, and 2.02 for SSRIs. Even though prescribing rates were low, 2 TCAs had unusually high rates: amoxapine (157.18) and desipramine (75.76). The more toxic tricyclic antidepressants are more likely to lead to medical complications and admissions to intensive care units [23] . The most lethal antidepressants also demonstrate significant cardiovascular effects; tricyclic antidepressant poisoning leads to cardiovascular complications due to direct cardiotoxicity, CNS sedation, and respiratory suppression [25] . Newer antidepressants do not show this extreme direct cardiotoxicity.
While some may postulate higher death rates due to variations in antidepressant efficacy or even a propensity of an individual drug to actually promote suicidal behaviors [2] , the most persuasive argument for the higher rates of mortality and higher hazard indices seen in overdose of selected antidepressants is the higher inherent toxicity of the antidepressant. Our data compare outcomes for suicide attempts, thus eliminating the variation in suicidal behavior frequency as a contributing factor. In contrast, the use of total prescriptions as the denominator for a mortality index is more subject to variation introduced by the efficacy of the drug in controlling or promoting suicidal ideation.
The importance of providing the practicing clinician with a hazard index for antidepressants is underscored by the reduced fatality rate observed in Sweden when prescribing patterns shifted. The increased use of antidepressants following the introduction of SSRIs coincided with a significant decline in fatal overdose rate for antidepressants as a class [27] . Between 1992 and 1994, prescribing of SSRIs doubled the use of antidepressants, yet there was a 12% reduction in the fatality rate from antidepressant overdose.
In addition to the improved outcomes expected following suicidal overdoses of less toxic antidepressants, decreased healthcare costs are a potential but unproven secondary benefit. One study in England and Wales compared hospital costs of overdoses with SSRIs and TCAs. Those taking SSRIs had a significantly shorter and less costly hospital stay, largely due to less utilization of intensive care units [28] , but this savings was mitigated by the even greater cost of prescribing SSRIs compared to TCAs.
These results are subject to a number of limitations. Prescription rates were not available to establish therapeutic usage frequency. In addition, TESS data are subject to the limitations of a voluntary telephone reporting system, thus include less comprehensive clinical and laboratory data than those gathered in a clinical investigation based in a healthcare facility. Poison control data underrepresent deaths occurring at home or en route to the hospital and deaths not suspected as related to a poisoning or suicide. One author showed only about 12% of overall poisoning fatalities were reported to one state's poison center [29] , although 53% of in-hospital poisoning deaths were reported [30] . Nonfatal suicidal overdoses are undoubtedly also underrepresented. However there is no evidence that underreporting of fatal or nonfatal suicidal poisonings would vary selectively from one antidepressant type to another.
The TESS data showed a large variation in the severity of suicidal overdoses by antidepressant type. Cyclic antidepressants, maprotiline, and MAO inhibitors had the highest rates of lifethreatening and lethal outcomes, while SSRI overdoses were uniformly less severe. The validity of the hazard index as a measure of overdose severity is corroborated by the finding that critical-care utilization correlated significantly with the hazard index. Remarkably, an inverse correlation was found between hazard index and exposure frequency, suggesting that-with some exceptions-physician prescribing is influenced by concerns about providing toxic substances to suicidal patients.
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